Abstract-This paper describes, the control strategy for energy recovery from landing aircraft. Energy from landing aircraft can be collected and changed to electrical power by using several power electronics devices. Each power electronics devices has their own control strategy, that will change from one type of input to other output. The controllers that have been used are included the H ∞ control and PI control. The simulations have been done in MATLAB program and the results show that the energy from landing aircraft can be converted and transferred to electrical power.
I. INTRODUCTION
Distributed Generation (DG) currently is a popular method for electric supply in distribution network. Another resources for DG is when the vehicle is braking.This process known as the regenerative braking to the vehicle. This concept has triggered an idea to convert the kinetic energy to electrical energy proposed by [1] during landing aircraft. As known, the aircraft can stored huge amount of kinetic energy due to the mass and the speed. Currently, this energy has been wasted as the heat. By converting this energy to electrical energy, it gives huge potential for free energy which huge average power where it almost the same as mini hydroelectric power.This energy can be changed to electrical energy by using several power electronics converters. Author [1] , has pave a way in how to capture, process and transfer this energy.The power converters that are involved in these processes are buck-boost converter, bidirectional converter and boost converter. Before the electrical power can be processed, this kinetic energy needs to be changed by using the linear generator. The linear generator has been chosen because, of it concepts on the traveling magnetic in horizontal direction [2] that is equivalent to velocity vector during landing. The linear generator model for this application has been discussed in [1] , [3] . After this action, the power converters will that in-charge for the next process. For each of the power converters it has their own objectives.
In this paper, the buck-boost converter is used to control the current at the inductor, and at the same time it control the speed of the linear generator to be maintained. The speed of linear generator needs to be maintained because it will determine the amount of force applied in the opposite direction to the aircraft during landing. This force is related to the comfortness of the passenger in the aircraft. By having constant force, the passenger will feel zero force effect, while in other case, if the force is increasing the passenger will feel uncomfortable. After the current and speed have been controlled, the bidirectional converter is applied to store the excessive energy generated at the beginning of the landing and to release the energy when the required power at the load is more then the generated. In this process, the energy storage device will be used.
This paper uses the ultracapacitor due to the advantages compared to the battery which were stated in [4] , [5] , [6] and at the meantime the ultracapacitor has long lifetime and not required power management [4] , [5] .This converter also has a function to control the dc bus to be constant. The value for the dc bus must be lower then the generated voltage to make sure the energy can be transferred totally to the ultracapacitor. Because the dc bus voltage is lower, the boost converter is used to increase the voltage to certain level that can be used when it been connected to the grid. All of these objectives can be achieved when the appropriate controllers are applied. The types of controllers that can be designed are based on the convectional controller such as Proportional Integration (PI) control or robust controller such as H ∞ control. Robust control means that, the controller can response to the variation of disturbances in the system and the voltage or current load . The robust controller is also used because of the stability and the dynamics capability and it used to solve the input voltage/current variations of the linear generator output where have variable frequency and amplitude with time [7] , [8] .
The main objective of this paper is to show the possibility of the generated energy from landing aircraft, can be changed to electrical energy using suitable controllers on the power converters devices. Fig. 1 shows, the complete structure for the Energy Recovery From Landing Aircraft in a block representation.This paper has been divided into several sections where Section II is for the overview of overall circuit diagram, Section III is the controllers structure and Section IV is the results that have been analysis from the simulation. At the end of this paper, it shows that this idea can be implemented but it needs significant improvements to give perfection. Fig. 2 shows, the overall circuit diagram of the energy process that can be separated into 3 parts which are; 2) The bidirectional converter with energy storage.
II. OVERALL CIRCUIT DIAGRAM
3) The boost converter. All these converters will interact with each others to complete the process. Fig. 2 shows the circuit diagram of the power electronics devices with the possible controls application for Energy Recovery From Landing Aircraft that are applied in this paper. A. The buck-boost converter
As known, this converter is used to control the current input at the inductor and the acceleration/speed of the linear generator. This section is known as energy transfer [9] where the converter is used to transfer the energy from the unregulated voltage to the dc bus voltage. The buck-boost converter has been selected because it gives low stress components and provide the energy path [10] , [11] . The transfer process can be achieved by using two switches which are S1bb and S2bb shows in Fig. 2 .
These two switches can not be operated at the same time, but by using a logic combination it can operates as a buck then a boost to maintain the current. The simple sequence logic for the switches can be written as, S1bb, S2bb≈buck-boost
In this paper, to stimulate the actual landing is difficult and caused the simulation to take longer time to complete which is shown in the results in [3] . As an alternative, the author has made a mimic ratio of the aircraft and speed that will be used to determine the feasibility of this study. Let say, for an mimic aircraft with a weight of m = 100kg and landing speed of v o = 10m/s, the kinetic energy can be calculated as
Equation 1 shows the stored energy during landing and this energy need to be transfer in t 4s. By divided Eq 1 to 4s the average power is about 1250 watt. Equation 2 is the equation for the constant acceleration where a = −v0 t and v is the actual landing speed. If this a can be constant the instantaneous power can be calculated as,
where F =force applied. At t = 0, the instantaneous power will be 2500 watt and the power profile is linearly decreasing to zero when t = 4s. So the average power need to be transferred is about 1250watt so the power rating of the buck-boost is equivalent to this power. From the average power, the maximum current flows in the buck-boost converter can be calculated as below, in where the dc bus is maintained at 60V.
The inductor and capacitor value for buck-boost converter can be calculated when the converter is in boost mode. The reason why choose the boost mode because, the minimum input is zero but the output is at 60V. This explains that, the minimum inductor is represented during boost and to limit the maximum inductor current [12] , [13] . For the inductor parameter value, it can be calculated as ,
where D= maximum duty cycle 0.85, V =dc bus, I=inductor current, f =switching frequency. By substituting these values to Eq 4 the L min = 75uH is found. The inductor value of L bb = 300uH has been selected in this paper. After the inductor has been selected, the value for the capacitor can be calculated as,
where r is the ripple factor. To have small ripple on the capacitor the ripple must be chosen to be 0.5%. This is to make sure the voltage and current are in continuous mode. 
The value of 500uF has been chosen for the capacitor value in the buck-boost converter.
B. The bidirectional converter with the energy storage
After the acceleration and current have been maintained, the second step is to store the excessive energy in the energy storage using the bidirectional converter. The energy storage is necessary because, when the aircraft start to land the initial energy is very large and it cannot be transferred directly to the grid. As stated in [13] , [14] the bidirectional dc-dc converter can be used to charge and discharge the voltage at the energy storage device. Due to fast voltage changing/discharging, the ultracapacitor can stored more power and at the same time have slow discharge rate [6] which is equivalent to profile of the power generated during landing. At the same time the dc bus must be maintained to make sure the current can flows in and out from the ultracapacitor.
To calculate the ultracapacitor, the energy stored by this capacitor must be well determined. The energy in the ultracapacitor is determined from the initial generated power because it is the maximum power can be stored in the ultracapacitor. Refer to [15] , [16] , the capacitor value can be calculated depends on the initial generated energy and the time constant where it shows in Eq 5,
Eq 5, shows the maximum energy that can be captured by the ultracapacitor which is the half of the energy generated during landing. It has been limited because of the time constant effect of 0.25s of the ultracapacitor operations. The balanced energy must be transferred to the load. After the energy has been calculated the capacitor value can be determined as,
The inductor value for the bidirectional converter can be calculated based on the ripple current that flow into and out in the bidirectional converter. As been stated the maximum value that current will flow in the bidirectional converter is 20A same as the current in buck-boost converter. The value can be calculated by,
C. The boost converter
The last part before it can be transferred to grid is, to boost up the input voltage by using boost converter. The output of the boost converter is 120V where it is a suitable input to generate 60Vac output when it connects to the inverter. In the next paper, this output will be connected to the grid using with the inverter to make sure it can be transferred to the existing electrical network. The parameters for the boost component can be calculated refer to the general calculation of the boost converter where is shown in Eq 6,
The inductor is calculated as,
The value for the L boost is selected as 15mH and the capacitor value is calculated to be 550uF . At the load voltage, the voltage is maintain at the 120V while the current will be determined by the load. By changing the load value it will effect the release time of the current in the ultracapacitor. For example by using 20Ω the release time of the current is the same as landing due to the higher value of the current and when the load is 50Ω it gives longer time with small value of current has been injected. These situations will be shown in the Section IV.
III. THE CONTROLLER DESIGN
In this section, each power electronics devices are used to determine the transfer functions or state-space equations that will be used to determined the controller. H ∞ control is used at the buck-boost converter and the boost converter while PI control has been used to control the bidirectional converter.
A. Buck-boost converter control
Two switches are used to make sure the system can operate as boost at one time and buck at another time. The circuit equation is derived when the S1bb is on and while S2bb is off which is equivalent to boost operation. The equations for the buck-boost converter have been determined using rectifier topology analysis in average signal technique. From
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the transfer functions equations, it can be changed to the statespace equation that will be used to design the controller. The circuit equation can be written as, figure, we can see that, the plant output is the Y, where Y is the different between the measured and the reference value. In average signal application, the V s is almost to u. The transfer functions can be generated as
From the transfer functions in Eq 7, we can changed to state-space by using the tf 2ss command in Matlab program. This changing is needed to generate the H ∞ controller value that will be used in the buck-boost converter. The general state-space equation for this part can be written as,
Refer to Fig. 3 , the new Z 1 ,Z 2 and Z 3 which are the new outputs for the controller need to be developed. These equations are given by, By combining all the equations, the new general plant can be written as,
where, this controller because, the effect of the disturbances to the system can be included in the calculation to minimize the tracking error between the measured and reference value. The weighting functions can be selected based on the value of,
By using the hinf sys command in MATLAB software, the value for current controller can be found where it shows in Eq 10, H ∞ = 100(s + 500000) (s + 500) .
B. Bidirectional converter for energy storage control
The controller in this converter is to make sure the dc bus is maintained at the voltage which follows the reference value. There is no control function for the ultracapacitor because the author want to high energy storage in the same time of landing time. If the ultracapacitor voltage has been maintained, the dc bus cannot be maintained because there will no current flow from the ultracapacitor to the dc bus because of the constant different voltage. The conventional PI controller has been implemented to maintain the dc bus. The PI controller parameters have been determined by implemented the try and error method to determined the accurate value.
C. Boost converter control
Once again, the average signal has been applied because the boost converter is operated in on and off mode for one switching cycle. This condition is known as nonlinear condition and it will create nonlinear equations that only nonlinear controller can be used. To make the nonlinear to linear equation by average [17] it at the one cycle for the switches, the state-space equation can be written as,
As can been seen in Eq 11, R load is included in the equation. From Eq 11 the model of the H ∞ controller can be developed by following the general structure of the H ∞ diagram shows in Fig 4. In H ∞ design the tricky part is how to select the weighting functions that can response to the disturbance and the perturbations to the system. By following [18] the weighting functions can be selected and it will not been explained here.
The new state-space equations can be written follow form the Fig. 4 ,
where Z 1 and Z 2 are the new outputs of the new plant. The new plant can be written as,
The hinsfsysis used to Eq 12 to determine the H ∞ value. The discrete conditions of the controller has been used because to reduce the simulation time compared by using the continuous mode. The value for the weighting functions are given as , w 1b = 0.001s + 10 10s + 100 , w 2b = 0.001 10s + 0.01 1s + 100
The transfer function shows in Eq 14,shows the discrete value of the H ∞ controller value,
IV. RESULTS
In this section, the simulation results show the outputs of each converters such as the inductor input current, dc bus voltage and the load voltage. Before the outputs can be analysis, the parameters that are used are shown in Table  I . As stated in the objectives, the result on the acceleration and the current and the voltage at the capacitor also will be explained. The simulations are done to two different value of the load because the range of the controller is not big enough to simulate different load. Fig. 5 shows, the outputs of the converters which include the energy generated during landing and the acceleration when the load is 20Ω. In the first graph, we can see that the power generated from landing aircraft is decreasing with time. Refer to Eq 3, if the time is zero it will give the maximum power , but when time is reached to 4s, the power will reduce to zero. This profile indicates that the constant acceleration has been generated that is shown in second graph. To have constant acceleration the constant input must be achieved where it has been explained in [1] , [3] which is shown in graph 3. Graphs 4 and 5 show, the voltage profile at the dc bus and the load voltage where it has been maintained at the target value which is 20A.
As been stated, the load for first simulation is 20Ω and we can see that the time taken for graphs 4 and 5 to reach zero are almost the same time as power during landing. This is to show that, the load is self controlled to inject the current form the ultracapacitor that is shown in Fig. 6 . In Fig. 6 , it shows three graphs that related to the current and voltage flowing in the ultracapacitor. Fig. 7 shows the different simulation output result when the load is changing. We can see here, when the load value is changing the time for dc bus to reach zero is double the time value. This is again because, of the load controlled the current injected by the ultracapacitor.
The results in Fig. 7 is almost the same as in Fig. 5 but the different is in time taken at the dc voltage and load voltage. It explains that, the bidirectional converter is capable to control the dc bus voltage and at the same time, it let the current 3rd IEEE International Symposium on Power Electronics for Distributed Generation Systems (PEDG) 2012 flows from/into the capacitor to be self-controlling depends on the load value. This technique reduces the implementation of the power management technique that has been proposed by [19] , [20] . Fig. 9 shows the current graphs in the buck-boost inductor and the switching pattern for the logic operation in buck-boost converter. The first and second graphs represent the current flows because this current will determine the speed of the linear generator output. The third graph shows, the error when using the H ∞ controller to this buck-boost converter where it is in the range of −1 ≤ e ≤ 1 . The last two graphs show the logic pattern where, before 2s the buck operation is on and after 2s the boost is operated. The switching logic is used to the buck-boost converter to solve the short circuit situation when both are operated at the same time.
V. CONCLUSION As a conclusion for this paper, by applying the H ∞ and PI controllers to the power converters devices, the kinetic energy can be changed , stored and transferred to electrical power during and after landing. It has been a hope for the author that someday this process can be implemented.
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